The second conference of the Middle East and North Africa newborn screening initiative: partnerships for sustainable newborn screening infrastructure and research opportunities was held in Cairo, Arab Republic of Egypt on April 12 to 14, 2008. Policy makers, health ministry representatives, health care providers, and experts from the region, Europe, Asia, and North America participated. The primary outcome was development of country plans of action to implement or expand newborn screening programs. Country representatives were grouped by current levels of national newborn screening activities based on a Needs Assessment Survey for national newborn screening programs and assisted by international technical experts. The Needs Assessment Survey provided information on the level of newborn screening in each country, strengths and barriers to implementation of newborn screening programs, and identified areas for research. Newborn screening programs require an integrated system of laboratories, health care providers, and educators, thus, the infrastructure put in place to screen for one condition should support expansion to other conditions. Congenital hypothyroidism was selected for initiating newborn screening programs because of its high prevalence, availability of screening methods, and cost-effective intervention. To this end, the conference provided technical sessions on screening and treatment of congenital hypothyroidism, performance standards, quality assurance, follow-up interventions, and patient management. In addition, presentations highlighted the value of integrating research into newborn screening programs as they are established and in evaluating outcomes. Research opportunities were identified at a postconference workshop sponsored by the US Civilian Research Development Foundation. Genet Med 2009:11(9):663-668.
T here has been increased interest in developing and strengthening newborn screening (NBS) programs throughout the world. [1] [2] [3] [4] Advances in genetics and technology have led to the development of more effective detection and treatment of congenital and genetic disorders. The availability of interventions that can ameliorate the effects of a number of genetic conditions has led countries to develop strategies to identify and prioritize conditions to be screened. [5] [6] [7] Establishing or expanding NBS in the Middle East and North Africa (MENA) is particularly timely because many countries in the region are undergoing an epidemiologic transition that has resulted in a dramatic decline in child and infant mortality (Table 1) increasing the public health importance of genetic conditions and other congenital disorders. 8, 9 In addition, cultural factors have lead to a larger number of consanguineous marriages with a consequent corresponding increased expression of recessive and potentially deleterious conditions in newborns. 10 -13 Furthermore, there is a growing recognition in the region of the value of NBS and its role in preventing or ameliorating mental retardation, physical disability, neurologic damage, and even death in conditions amenable to screening particularly in those conditions in which treatment is simple and relatively inexpensive. 14 After the 2006 visit of a delegation from the National Institutes of Health to North Africa led by Dr. Elias Zerhouni, the Ministry of Health (MOH) of the Kingdom of Morocco, the Eunice Kennedy Shriver National Institute of Child Health and Human Development of the US Department of Health and Human Services, together with 20 partners organized the conference, strengthening newborn screening in the Middle East and North Africa, to assess the status of NBS in the region. 15 The conference, held in Marrakech, Morocco, was attended by members of ministries of health academic institutions, private sector, and parent/advocacy representatives from 18 countries in the region and 11 countries in Europe, Asia, and North America. The primary outcome was publication of the Marrakech Declaration (Appendix, Supplemental Digital Content 1, http://links.lww.com/GIM/A81), which affirmed NBS as a universal public health priority for the region and recommended that each country screen for at least one condition. A regional steering committee was established to implement the declaration's recommendations and to plan for the next regional meeting (Appendix, Supplemental Digital Content 2, http://links.lww.com/GIM/A82). Membership on the committee consisted of representatives from multilateral organizations, ministries of health, universities, and other health care providers from the region as well as international collaborators from the United States, Europe, and Asia/Pacific.
NBS requires an integrated system of laboratories, health care providers, and educators. Thus, the infrastructure put in place to screen for one condition should support expansion to other conditions. For those countries that have not yet initiated a national NBS program, the steering committee identified congenital hypothyroidism (CH), which is on the US NBS panel, 5 as a priority model because of its high prevalence, availability of screening methods, and cost-effective intervention. 16 A Congenital Hypothyroidism Training Working Group was formed to develop educational materials for policy makers and training modules for health care professionals, researchers, and affected families.
The steering committee recognized that accurate needs assessment and better information regarding current status of NBS in the region is a high priority to support countries and policy makers in the development of NBS programs. A Survey Working Group was established that developed a Country Situation Analysis Survey for which country representatives were asked to provide nationally representative data.
CONFERENCE DESCRIPTION
The second conference of the Middle East and North Africa newborn screening initiative: partnerships for sustainable newborn screening infrastructure and research opportunities was held in Cairo, Egypt on April 11 to 13, 2008 and was attended by over 30 policy makers, health care providers, health ministry representatives, experts and family, and advocacy representatives from 17 countries in the region, Europe, Asia, and North America. The conference was organized by the MENA NBS steering committee, which ensured that the meeting agenda addressed issues embedded in the needs of the region ( Table 1) .
The conference was composed of two parts: the first provided guidance for building national NBS systems and development of national plans of action, and the second provided technical information and practical applications. Presentations during the first half included an overview of NBS systems including infrastructure, education, and legislation, as well as ethical, legal, and cultural considerations. They also addressed the importance of integrating research into NBS programs and how development of successful research collaborations can strengthen identification and treatment of detected conditions as well as effectiveness of program outcomes. The results of the Country Situation Analysis Survey on national NBS programs were presented and served as a basis for the working groups for developing country plans of action. After plans were developed, technical experts provided training on screening for the treatment of CH as well as on performance standards and quality assurance. Because development of partnerships can enhance implementation of NBS and follow-up interventions, a panel on building partnerships and collaborations provided examples of in country and multinational partnerships. The conference ad- Demographic characteristics of participating countries demonstrate a heterogeneity in population size infant mortality, home births, and levels of consanguinity in the region that lead to different changes in establishing newborn screening programs. These data were provided by participants in response to the MENA NBS Country Situation Analysis Survey. Data on the annual number of infants screened are provided for countries that reported national NBS programs; the number of infants screened as part of pilot studies was not included. a Refers to children screened under National NBS programs. b Numbers provided by MENA Situation Survey respondents.
dressed the issue of integrating research into NBS from bench to bedside presenting translational models and new technologies. Research opportunities were further discussed at a postconference workshop sponsored by the Civilian Research Development Foundation, at which a competition for proposal planning grants for regional networks for NBS-related research was announced.
Needs assessment
The Country Situation Analysis Survey was sent to participants requesting that national information be obtained from the appropriate national authorities. The responses that were received provided national data but in some cases only regional information was provided. Because accurate national information serves as a baseline on which to plan NBS activities and on which to measure the impact of NBS programs, meeting participants strongly recommended that national information be obtained and verified from all countries to have an accurate baseline. With that caveat, the results revealed significant demographic heterogeneity in the region and diverse experiences with NBS (Verbal Communication, Cairo, Egypt). The MENA countries in attendance have a population of over 500 million people with approximately 12 million births per annum (Table  1) . Infant mortality rates range between 9 and 29 per thousand with the exception of Yemen and Pakistan where the rates are more than 75 per thousand births. 8 Home deliveries were estimated to be 34% in Egypt, 38% in Morocco and 81% in Pakistan whereas they are Ͻ1% in the Gulf countries. Consanguineous marriages between first and second cousins were reported to be 12% in Morocco and Bahrain to over 23% in the other countries. The highest rate was reported from Qatar, where over 54% of marriages are between first cousins.
Data from the survey also provided information regarding the status of national NBS programs (Women delivering in private clinics have access to NBS services though data has not been systematically collected on this population and as a consequence was not included in the survey). National NBS programs have been established in Egypt, the Palestinian Authority, Iran, Bahrain, Oman, Qatar, Saudi Arabia, and the United Arab Emirates (Table 1 ). In Lebanon, private hospitals have undertaken screening programs that now cover much of the country, though they anticipate working with the Ministries of Health and Education to establish a national NBS Program (Appendix, Supplemental Digital Content 3, http://links.lww.com/GIM/A83). Morocco, Tunisia, Pakistan, Jordan, Kuwait, and Syria have established or are planning pilot programs, whereas Libya, Algeria, and Yemen reported not having programs at the time of the meeting. All of the countries plan on screening for CH and phenylketonuria (PKU). To date only three countries, Lebanon, Saudi Arabia, and Qatar, are using tandem mass spectrometry and screen for over 20 conditions (Table 2 ). Of the countries without national programs, Libya, Pakistan, and Syria reported not having existing plans for NBS.
The survey also provided information on specific strengths of particular programs and barriers to implementation of national NBS programs. These included the need for political support, increased financial and human resources, and greater coordination within the region and with the international community. Of great importance was the need for improved technical resources for diagnostic confirmation, follow-up, and patient management. To this end, regional collaboration could leverage both human and financial resources. Additionally, the survey identified areas in which research is needed. These include epidemiologic studies that will provide data on prevalence, genomic characterization, and identification of risk factors. Economic research on cost-benefit analyses was seen as critical for informing the political authorities.
National plans
The primary goal of the conference was to develop national plans of action for NBS based on the situation in each participating country. Country representatives were asked to identify the current status of NBS and next steps. On the basis of their responses, representatives were assigned to one of three working groups: (1) those that had not yet started NBS programs, (2) those that had performed pilot programs and (3) those that had a national or regional program. The groups were charged to (1) identify solutions to practical problems faced in the establishment of NBS programs and associated research infrastructure and (2) develop individual national draft plans of action for development or expansion of NBS in their country.
Countries in Groups 1 and 2 focused their efforts on structuring a program for CH screening. For those countries in Group 3 that already reported national programs, plans were focused on strategies to strengthen and enhance the current activities. Country plans benefited from the experience of other countries and advice from regional and international experts. Finalized plans contained specific information on country goals, leadership, steps for implementation, and follow-up were presented at the meeting and were to be communicated to the policy makers.
There was a significant diversity within each of the groups in relation to population size, per capital income, health systems, insurance coverage, and differences in the stages of epidemiological transition. In those countries that have established NBS, there has been strong political support. This was identified as an important barrier to implementation of programs by countries in the process of establishing NBS systems and also by those wishing to expand national NBS systems either by adding new conditions or by increasing population coverage. All plans developed at the conference identified leadership for NBS activities, primarily in the MOH, and, in many cases, identified the composition and membership of advisory committees. They also provided target dates and identified conditions for expansion of NBS. All plans also have in place guidelines for collection and testing of specimen and identify steps for follow-up. A summary of the National Plans of Action can be found in Appendix, Supplemental Digital Content 3, http://links.lww.com/GIM/A83 (Country plans for Algeria and Iran are not available as representatives were not able to be present at the conference).
Group 1: Libya, Morocco, Syria, Yemen
Countries in Group 1 have not begun national NBS. Implementation of a pilot NBS program was their primary goal. Each country brought a different experience to the discussion. Morocco had developed a detailed plan of action/protocols after the 2008 Marrakech conference; Syria had developed plans for a pilot CH screen in cooperation with the International Atomic Energy Agency; whereas Libya and Yemen had not yet begun developing a plan of action at the time of the meeting. All four countries planned on initiating screening with CH and may include PKU and/or hearing assessment to some of the screening panels (Appendix, Supplemental Digital Content 3, http://links.lww.com/GIM/A83). They identified common barriers to implementation such as the need for trained professionals and obtaining financial and political support. An important commonality was the emphasis placed on having the MOH, medical professionals, and advisory groups work closely together to meet their goals and objectives. Plans were tailored to individual countries and covered topics such as laboratory and follow-up procedures. Broad timelines were developed and all countries planned to begin their pilot program within a year from the conference date. A joint recommendation was the establishment of a MENA regional laboratory that could lead to greater cost effectiveness and efficiency for countries with small populations.
Group 2: Jordan, Kuwait, Lebanon, Pakistan, Tunisia
Group 2 countries have completed pilot studies for at least one condition and anticipated expansion to national programs. The Marrakech Declaration had served as a catalyst for further activities in NBS in a number of the countries in this group. In Lebanon, over a quarter of the country's newborns are screened for over 20 conditions through university-based NBS programs. In Kuwait, approximately 5% of newborns are screened for CH and PKU through private testing with plans to expand to a national program. Jordan has completed a pilot program on CH in two governorates and has trained health professionals in all of the country's governorates in preparation for the launch of a national program. Tunisia completed pilot studies on CH in cooperation with the International Atomic Energy Agency and on congenital adrenal hyperplasia and PKU and is planning to develop a national plan. Pakistan has put in place a pilot program for CH at Aga Khan University. The plans of action for these countries are presented in Appendix, Supplemental Digital Content 3, http://links.lww.com/GIM/A83. Group 3: Bahrain, Egypt, the Palestinian Authority, Oman, Qatar, Saudi Arabia, United Arab Emirates All countries in Group 3 screen for at least one condition, primarily CH, and most screen for two or more conditions. Both Qatar and Saudi Arabia use tandem mass spectrometry for a large panel of metabolic conditions (Table 2) . Regarding expansion of NBS programs, the participants agreed that, where resources are an issue, increased coverage was more important than number of conditions added and that current programs should be evaluated before large expansions are considered. In In addition to the barriers expressed by the other two groups, Group 3 also added the issue of geographic challenges to the list. In some countries, large distances and isolation may limit accessibility for screening the entire population and transportation of materials and reagents, such as quality assurance kits. They also voiced the need for policies that mandate NBS. Finally, there was a clear need identified to develop databases and communication systems that would link children identified through screening with providers for management of long-term treatment and follow-up.
RECOMMENDATIONS FOR FURTHER ACTION
Participants reiterated the need for regular regional meetings on NBS and recommended that the next conference address resources that would support NBS activities across countries. These include forming a working group to address data collection and systems that will follow identified children from the initial diagnosis through treatment and strategies for second-tier testing. They recommended examining strategies for establishing regional second-tier testing resources. They also strongly supported development of population studies that could provide incidence of conditions, risk factors, and facilitate cost-benefit analyses.
The following items were recommended to the steering committee for further action:
• Present country plans to the appropriate country authorities for implementation.
• Request that countries verify and revise their responses to the Country Situation Analysis Survey to contain accurate national figures for NBS that can serve as a baseline for assessing progress.
• Hold annual regional meetings and more frequent local networking meetings to support capacity in NBS.
• Develop a research training module for CH that would strengthen research and program infrastructure for data collection and quality assurance important for measuring the program effectiveness.
• Establish partnerships to leverage technical, financial, and human capacity.
POSTMEETING WORKSHOP
Integrating research into national newborn screening programs: MENA newborn screening research agenda workshop co-organized by the US Civilian Research and Development (CRDF) Foundation, was held after the conference to discuss research opportunities and the availability of small funds to establish regional NBS research networks though the CRDF planning grants.
Next steps
Building on the activities and recommendations presented in this report, we are in the process of planning the next conference that will address progress in implementing country plans will be assessed and activities developed. The steering committee has also established working groups to address laboratory quality assurance and specimen collection and to develop common definitions and indicators.
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